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1. BBE,llEHHE 

npH H3y4eHHH MeXaHHSMa BSaHMOAeHeTBHfl 6bteTpbiX aAPOHOB 
e aTOMHbiMH fiAPaMH, a TaKJKe eTpyKTYPbl aTOMHOro .FlAPS, e yeneXOM 
npHMeHflnHeb KeeHOHOBble nySbiPbKOBble KaMepbl /KnK/, o6naAa~~He 
PfiAOM yHHKanbHbiX eeol1eTB /eM., HanpHMep, 111 /. Cy~eeTeeHHOe 
MeeTO B 3THX HeeneAOBaHHRX OTBOAHnOeb H3y4eHHIO xapaKTepHeTHK 
npOTOHOB, HenyeKSeMbiX B RAepHbiX peaKtiHfiX /2/. ,lln.FI nony4eHH.FI 
eOOTBeTeTBY~~HX 3KenepHMeHTanbHbiX AaHHbiX HenonbSOBanHeb 
pesynbTaTbl HSMepeHHH AnHH npo6eroe npoToHoe. HsMepeHHfl npo
BOAHnHeb Ha nonyaBTOMaTH4eeKOM MHKpOeKone no MeTOAY TaK Ha-
3biBaeMbiX HeeOOTBeTeTBeHHbiX T04eK Ia!. 0AHaKO TaKHe H3MepeHHfl 
f!Bnfi~Tefl, KSK npaBHnO,. eeebMa TPYAOeMKHMH H SaHHMaiOT HeMano 
epeMeHH, 4TO, B eBOIO 04epeAb, eKaSbtBaeTeJI Ha AOeTHraeMbiX 
eTaTHeTH4eeKHX T04HOeTf!X pesynbTaTOB H, eneAOBaTenbHO, Ha 
eTaTHeTH4eeKOH o6oeHOBaHHOeTH BbiBOAOB. no3TOMY B03HHKaeT 
noTpe6HOeTb B paspa60TKe MeTOAOB, KOTOPble noSBOnHnH 6bl 
yeKOpHTb npoueee H3MepeHHH 6e3 SaMeTHOrO yMeHbWeHHfl T04HOeTH. 
HMeHHO TaKafl saAa4a noeTaeneHa e HaeTOfl~el1 pa6oTe, e KoTopol1 
H3y4anaeb npoeTpaHeTBeHHSfl eTpyKTypa eneAOB npOTOHOB e KHHe
TH4eeKOH 3HeprHel1 E : (22 -;.250) M3B, perHeTpHpyeMblx e KnK 
6es MarHHTHoro nonA. 

Ha oeHoeaHHH nony4eHHbiX no MeTOAY MoHTe-Kapno paenpeAene
HHH AnHH npo6eroe npoTOHOB eAenaH BbiBOA o TOM, 4TO Anfl 
6onbWHHeTea ~H3H4eeKHX saAa4, pewaeMbiX e noMo~btO KnK, npH 
onpeAeneHHH 3HeprHH npOTOHOB AOeTaT04HO orpaHH4HTbefl HSMepe
HHeM AnHHbl OTpeSKa, Ha4anoM KOTOpOrO fiBnfleTefl T04Ka HenyeKa
HHfl npOTOHa, a KOHUOM - T04Ka ero OeTaHOBKH. 

2. MO,llEnHPOBAHHE TPAEKTOPHH nPOTOHOB B mH,llKOM KCEHOHE 

KaK HseeeTHO /eM., HanpHMep, 141 / ~yHKUHfl paenpeAeneHHfl 
nnOTHOeTH BepOf!THOCTH nHHeHHOrO 60KOBOrO OTKnOHeHHfl y 
H yrnoeoro OTKnOHeHHfl e OT HanpaeneHHfl npfiMOnHHeHHOrO ABH~e
HHfl B Be~eeTBe sapfl~eHHOH 4aeTHUbl e HMnynbeOM p , eKOpOeTb~ V , 
HaXOAfl~eHC~ Ha rny6HHe t B AaHHOM Be~eeTBe, HMeeT BHA: 

ya w2 e2 aey 3y2 
F (e,y) =- -exp[-w 2(-- -- +-)] /1/ 
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rAe w=2Pv/E ,E = 21 M3B, y 1-1 t BblpalKeHbl s paAHa~HOHHbiX 
s s 

eAHHH~ax BeiJieCTsa. C noMOIJibiO CI>OPMY11bl I 1 I 6bi110 BblnonHeHo Mo-
AenHposaHHe Ha 3BM 110Apa-1305 11 TpaeKTOpHH npOTOHOB C 3HeprHeH 
E = 22; 56; 85; 127; 161; 191; 219 1-1 244 M3B B lKHAKOM KCeHo-
He. 3THM 3HeprH.AM COOTBeTCTByiOT C11eAYIOIJIHe 3Ha4eHH.A A11HH 
npo6eros L : 5; 25; 50; 100; 150; 200; 250 H 300 MM ilV. ,lln.A 
KalKAOro KOHKpeTHOro 3Ha4eHH.A E Obi110 BblnonHeHo 1120 p03blrpbl
wei::l. B KalKAOM KOHKpeTHOM cny4ae Bb14HC11.A11HCb A11HHbl npo6era L , 
AJ1HHbl R OTpe3KOB, COeAHH.AIOIJIHX Ha4a110 H KOHe~ C11eAa npOTOHa, 
a TaKlKe 3Ha4eHH.A OTHOWeHH.A X=RIL. EcTeCTBeHHo, 4TO O<x<1. 
Bcero 6blno npoH3BeAeHo 11070 p03blrpbiWei-1 A11R scex socbMH 3Ha-
4eHHH 3HeprHH E • .llnHHa npo6era L pa3blrpblsanacb c nocTORH
HbiM waroM ~L = L I 1000. 

3. PACnPE~EnEHHR ~nHH nP06ErOB nPOTOHOB 

B pe3Y11bTaTe nposeAeHHoro MOAenHposaHHR 6bi11H nony4eHbl 
pacnpeAe11eHHR Be11H4HHbl OTHOWeHHR X = RIL A11R BCeX nepe4HC
neHHbiX BbiWe 3Ha4eHHH A11HHbl npofiera npOTOHOB COOTBeTCTBeHHO. 
3TH pacnpeAe11eHHR MOlKHO annpOKCHMHPOBaTb C11eAYIOIJieH ¢YHK~HeH 
nnOTHOCTH sepORTHOCTI-1! . 2 

(X-Xo) 

I p. exp [ - 2u 2 ] ' x <;_ x 0' 
W(x, x 0)= 1 2 (x-x0 ) 

p • exp ( - 2 ], X ?_ X O • 
2u2 

121 

llepaMeTpbl p, x0 , a 1 H u 2 cna6o 3aBHCRT OT Be11H4HHbl X • 3Ty 
3aBHCHMOCTb OKa3a110Cb B03MOlKHbiM y4eCTb, no Kpai-1HeH Mepe 
Ka4eCTBeHHO, 8 C11eAYIOIJIHX COOTHOWeHHRX! 

Xo=a·x/3 +;·e-O·x 

rAe a = 0 , 9 3 2: 0 , 0 2 , f3 = ( 6 , 7 2: 5 ) • 1 0 - 4 
, y 

8 = ( 86 2: 5). 10 -
3 

' 

-b · X 
u 1=u01 (1+e I ), 

rAe i = 1 H 2, u 01 =(52± 10)·10-4, uo2 

-3 -3 
b1=(36+5)·10 ,b2 =(41+5)·10 • 

2 

131 

(34 2: 5) .lQ-5 
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(43 + 1Q). 10-4 • 
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H3 YC110BH.A HOPMHpOBKH IHa eAHHH~yl <!JYHK~HH 121 BbiTeKaeT, 
4TO 

'2 -1 
P =v-;-<u1+u2) • 151 

none3HO OTMeTHTb, 4TO napaMeTpbl p, x 0 , u l H a 2 , O~eHeHHble 

no CYMMapHOMY pacnpeAe11eHH~, COOTBeTCTBY~IJieMy BCeMy H3y4aeMo-
MY HHTepeany A11R npo6erOB npOTOHOB, L = (5 -:- 300) MM, HMel'lT 
C11eAYIDIJIHe 3Ha4eHHR! 

- - -
p = 0,295 ± 0,004, 
- -4 
u 1 =(80 ±1) ·10 , 

x0 = 0,9626± 0,0002, 
- 4 
a 2 =(55± 1) • 10- . 

CpeAHee IKe 3Ha4eHHe X H cpeAHeKBaApaTH4HOe OTK110HeHHe S
X 

AJ1R cyMMapHoro cneKTpa paBHbl: 

x = 0,9606, Sx= 0,0070. 161 
5bi11H TaKlKe H3y4eHbl pacnpeAeneHH.A eenl-141-iHbl x , nony4eHHble Ha 
OCHOBaHHI-1 pe3y11bTaTOB I-13MepeHHH A11HH C11eAOB npOTOHOB, 3ape
rHCTPHPOBaHHbiX Ha CHHMKax KnK, npH4eM A11HHa L H3Mep.Anacb KaK 
no MeTOAY COOTBeTCTBeHHbiX T04eK, TaK 1-1 no MeTOAY HeCOOTBeT
CTBeHHbiX T04eK /3/. 0Ka3a110Cb, 4TO 8 HHTepeane A11HH npo6eros 
L < 70 MM npaKTH4eCKH see 3Ha4eHH.A X nelKaT B y3KOM HHTepeane 
X (;.. 0, 995; 1 , B TO epeMR KaK npH L ' 70 MM Ha011!0AaeTCR pac-

npeAe11eHHe BHAa -exp[-(1-x)f:l], T-~KlKe o6naAa10111ee Manoi::l 
WHPHHOH (-0,01) . 

4. OnPE~EnEHHE ~nHH~ nPO~ErA nPOTOHOB 

nocK011bKy pacnpeAe11eHHe Be11H4HHbl X= R/L BeCbMa cna6o 
3aBHCHT OT A11HHbl npo6era npoToHa L, cneAOBaTenbHO, .... OT 
3HeprHH E, H o6naAaeT OTHOCHTe11bHO ManoH WHPHHOH, 8-/x:.:,. 0, 007, 
TO c T04HOCTbi:J -1% HCTHHHaR A11HHa npof5era npoToHa xMolKeT ObiTb 
onpeAeneHa cneAY~IJIHM o6pa3oM: 

L = R/x, /71 

rAe R - A11HHa OTpe3Ka Is npocTpaHcTeel, coeAHHRIOIJiero T04Ky 
HCnycKaHHR I3Be3AYI H T04Ky OCTaHOBKH npOTOHa. 3aTeM, KaK H 
paHee, KHHeTH4eCKa.A 3HeprH.A npOTOHa E Bbi4HC11.AeTC.A no H3BeCT
HOMy COOTHOWeHHIO npo6er-3HeprHR/51: 

E =A·[1 +f3·(L-L0)].L a, 181 
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0, L.:; L 0 , 
) 

rAe A= 33,51, a= 0,58, P=l 8,46 · 10 , L > L0 • 

~-·; 11!=14,32; L 1-1 L 0- BblpalKeHbl 8 CM; E - 8 M3B. npH 3TOM . ' :: ' 
OTHOCHTenbHa~ ow1-16Ka a onpeAeneHHH 3HeprHH E, BE/E, . 
COH3MepHMa C OWI-!6KOH, o6ycnosneHHOH CTOXaCTH4eCKOH HeonpeAe- ~~.~l 
neHHOCTbiO AnHHbl npo6era npoToHa /cTp3rrnHHroM/ ,1-1 paaH. a -(1-:-2)%.~; t 

;~I 
MeTOAH4eCKHe HCKalKeHH~, BHOCHMble onHcaHHOi:i npo~eAypoA .~· 

onpeAeneHH~ 3HeprHH npOTOHOB, MOlKHO y4eCTb 6onee T04HO H ·~ 
nocneAoBaTenbHO /eM., HanpHMep, 16//. TaK, ecn1-1 f(xo)- HC
THHHa~ nnOTHOCTb pacnpeAeneHH~ BenH4HHbl Xo, xapaKTepHiYIO~a~ 
H3y4aeMoe ~eneHHe /HanpHMep, AH$~epeH~HanbHOe ce4eHHe 
Ja!ax 0 /,To acneACTBHe HanH4H~ annapaTYPHbiX norpewHocTei:i, 
onHCblaaeMbiX $YHK~Hei:i pa3peweHH.R W(x,x 0) /2/, nnoTHOCTb 
pacnpeAeneHH~ g(~ H3Mep~eMbiX senH4HH npHo6peTaeT cneAyiO-
lO~Hi:i BHA: 

I 
g(x) = JW(x, x 0). f(x 

0
) dx 0 , /8'/ 

rAe HHTerpHpOBaHHe npOH3BOAHTC~ no BCeM 3Ha4eHH~M HCTHHHOH 
nepeMeHHOH x 0 . TaKHM o6pa30M, HCCneAyeMa~ HCTHHHa~ nnOTHOCTb 

. pacnpeAeneHH.R f(x 0 ) nony4aeTC.R KaK peweHHe HHTerpanbHoro 
ypaBHeHH~ /8'/, ecnl-1 $YHK~H~ nnOTHOCTH H3Mep~eMbiX BenH4HH g(x) 
onpeAeneHa aHanHTH4eCKH, HanpHMep, nyTeM CTaTHCTH4eCKOH 
annpoKCHMa~HH. 

5. BbiBOAbl 

Ha OCHOBaHHH nony4eHHbiX B HaCTO.R~eA pa6oTe pe3ynbTaTOB 
HCCneAOBaHHH npOCTpaHCTBeHHOH CTpyKTYPbl npooeros npOTOHOB 
c 3HeprHeA E = (22 7244) M3B a lKHAKOM KCeHoHe MOlKHO CAenaTb 
cneAY~~He 3aKn~4eHH.R. 

1. HMeeTC.R ao3MOIKHOCTb onpeAen.RTb AnHHy L npooera npoTo
HOB KaK AnHHY R OTpe3Ka, COeAHH.R~ero T04Ky HCnycKaHH.R 
/3Be3AYf H T04Ky OCTaHOBKH npOTOHa. AnHHa L nony4aeTC.R H3 
npoCTOrO COOTHOWeHH.R /7/: L=R/x . npH 3TOM OWH6Ka B onpeAe
neHHH AnHHbl L COH3MepHMa C OWH6KoA, o6ycnosneHHOA ~YHK~HeA 
HOHH3a~HOHHbiX noTepb /CTp3rrnHHrOM/, H He npeBbiWaeT 8 CpeAHeM 
-1%. MeTOAH4eCKHe HCKalKeHH.R, BHOCHMble H3MepHTenbHOA npo- ~~ 
~eAYpoi1, 6onee nonHbiM o6pa3oM y~HTbiBaiOTC.R ~yHKLIHeA pa3peweHH.R ' II 
W(x, X 0 ) /2/ H COOTHOWeHHeM /8/. * 

2. YcTaHoeneHo, 4TO pe3yn bTaTbl H3MepeHH~ AnHHbl L npo6era 1 ~ 
npOTOHOB B 1-!HTepaane L :5 70 MM, nony4eHHble KaK no MeTOAY 
COOTBeTCTBeHHbiX, TaK H no MeTOAY HeCOOTBeTCTBeHHbiX T04eK, 

4 

COAeplKaT CHCTeMan14eCKyiO OWH6Ky, paBHyl') no nop.RAKY BenH4HHbl 
1 - x = 4%. B 1-!HTepaane L > 70 MM 3TO cMe~eHI-!e HecKonbKO 
MeHbwe I < 3%/ 1-1 ero MOlKHO ;nHcaTb $YHK~Hei:i pa3peweHH.R BHAa 
- exp[/:l(x :-1)]. 

3. npeAnOlKeHHbiH MeTOA onpeAeneHH.R AnHH npo6eroe npOTOHOB 
/cooTHOWeHH.R /7/,/6/,/8/ 1-1 /2// AaeT B03MOIKHOCTb orpaHH4HTb
c~ cpaBHHTenbHO npOCTbiMH cpeACTBaM!-1 H3MepeH!-1~ /penpoeKTOp/ 
H 3Ha4HTenbHO yCKOpHTb npo~eCC H3MepeHHi:i npaKT!-14eCKI-I 6e3 
yxyAWeHH~ 1-1x T04HOCTH. 

ABTOPbl BblpalKarn onaroAapHOCTb T. naen.RKY. BblnonHHBWeMy 
$HTHposaHHe pacnpeAeneHHA no $QpMyne /2/. 
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